Purpose: Ipilimumab is a fully human monoclonal antibody against cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) that has been shown to improve survival in patients with pretreated, advanced melanoma in a phase III trial. Some patients in this study who initially responded to ipilimumab treatment but later progressed were eligible for retreatment with their original randomized regimen. Here, outcomes for these patients concerning baseline characteristics, best overall response, and disease control rate are assessed and considered with respect to the overall study population.
Introduction
Ipilimumab is a fully human monoclonal antibody against cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4). In a phase III study of pretreated patients with advanced melanoma, intravenous ipilimumab (3 mg/kg every 3 weeks for 4 doses) with or without gp100 vaccine significantly improved survival compared with the gp100 vaccine control (HR for death: 0.66; P ¼ 0.003 and 0.68; P < 0.001, respectively). Among patients treated with ipilimumab plus gp100, ipilimumab alone or gp100 alone, 43.6%, 45.6%, and 25.3% were alive at 1 year and 21.6%, 23.5% and 13.7% were alive at 2 years, respectively (1) . The survival benefit conferred by ipilimumab was independent of negative prognostic factors at baseline including age, gender, lactate dehydrogenase levels, metastatic disease stage, or previous treatment with interleukin (IL)-2. The most common adverse events related to the study drugs were immune-related adverse events (irAE), which occurred in approximately 60% of patients treated with ipilimumab and 32% of patients treated with gp100 (1) .
Unlike chemotherapeutic agents that kill tumor cells by direct cytotoxicity, the mechanism of ipilimumab in patients with melanoma is indirect. CTLA-4 is a negative regulator of T cells, which are known to play a critical role in the immunosurveillance and destruction of tumors (2) (3) (4) (5) . By blocking CTLA-4, ipilimumab therefore acts to potentiate T-cell-mediated antitumor immune responses (6, 7) .
The immune response against cancer occurs in 3 stages: elimination, equilibrium, and escape (8, 9) . In the absence of complete elimination, persistent immune activation is required to sustain equilibrium between tumor growth and immunity, thus delaying or preventing disease relapse. However, persisting immune responses are also capable of altering the phenotype of the tumor via a process known as immunoediting or immunosculpting. For example, in patients with melanoma treated with NY-ESO-1 vaccine and immune adjuvant, histologic analysis of tumor samples from patients who relapsed following treatment showed a loss of NY-ESO-1 antigen and human leukocyte antigen expression necessary for immune activation (10, 11) . This suggests immunoediting selects for tumor variants with little or no immunogenicity and may result in tumor responses to immunotherapies decreasing or reversing over time.
It is increasingly important, therefore, that immunebased treatment approaches are able to augment antitumor immune responses as well as overcome the immuneinduced changes that allow tumors to evade destruction. Potential strategies include targeting multiple antigens to reduce selection for antigen-loss variants or disrupting the immunosuppressive tumor microenvironment (12) . An alternative method, however, may be to restart immunotherapy after disease progression to reactivate the primed immune system to recognize and respond to any remaining tumor or tumor cells that have appeared during the tumor escape phase.
The aim of this retrospective analysis is to describe efficacy and safety data from the subgroup of patients included in the phase III study of ipilimumab with or without gp100 versus gp100 alone (1) who progressed after initially responding to treatment and subsequently restarted treatment with the same regimen they had initially received.
Materials and Methods
Full details of the study design, inclusion and exclusion criteria, treatment, response assessment, endpoints, and patient baseline characteristics for the whole study population have been published previously (1). In brief, 676 patients with unresectable stage III or IV melanoma were enrolled in the phase III study (MDX010-20; trial registration ID: NCT00094653). Patients were aged 18 years or older, had a life expectancy of at least 4 months, and an Eastern Cooperative Oncology Group performance status of 0 or 1. Previous treatment was with one or more of the following: dacarbazine, temozolomide, fotemustine, carboplatin, or IL-2. Patients were randomized 3:1:1 to ipilimumab plus gp100 peptide vaccine (n ¼ 403), ipilimumab alone (n ¼ 137), or gp100 alone (n ¼ 136). Ipilimumab at 3 mg/kg was administered every 3 weeks for up to 4 doses during the treatment phase (previously referred to as induction).
Patients who showed signs of clinical benefit from treatment (using modified World Health Organization criteria), that is, a confirmed objective response [OR; complete response (CR) or partial response (PR)] or stable disease (SD) lasting 3 months from week 12, were eligible for retreatment (previously referred to as re-induction) with their assigned treatment regimen upon disease progression providing they had not experienced a grade III non-skin irAE (except for endocrinopathies where clinical symptoms were controlled with appropriate hormone replacement therapy) or any grade IV toxicity during the treatment phase. Each retreatment cycle consisted of 4 doses of study drug given in an identical schedule to that used during the original treatment phase.
Results

Patients and treatment
From the original study population of 676 patients, 3 patients with signs of clinical benefit were ineligible for retreatment on the basis of the safety criteria. Forty patients (6%) were retreated, comprising 38 patients retreated with ipilimumab, either with gp100 (n ¼ 29) or alone (n ¼ 9) and 2 patients retreated with the gp100 vaccine alone ( 
Translational Relevance
Ipilimumab is an immunotherapeutic agent that modulates T-cell activity to enhance antitumor immune responses. Ipilimumab was approved in Europe for the treatment of adult patients with advanced (unresectable or metastatic) melanoma who have received prior therapy. Approval was based on the results of a phase III trial of ipilimumab with or without gp100 vaccine versus vaccine alone during which patients with advanced melanoma who met defined criteria could receive retreatment with their original treatment upon disease progression.
This article describes the rationale for retreatment with ipilimumab and provides resultant efficacy and safety outcomes for 40 qualifying patients who received retreatment. Durable objective responses and/or stable disease with a similar toxicity profile to that seen during the original treatment regimen were observed. Data support the prospective evaluation of retreatment with ipilimumab and provide further guidance regarding how and when ipilimumab should be administered in order to maximize patient outcomes.
violators and 5 patients in the ipilimumab plus gp100 arm had a best response of progressive disease (PD) during treatment and should not have received retreatment] and 2 patients were noncompliant with the retreatment protocol (one in the ipilimumab plus gp100 group and one in the ipilimumab alone group).
Baseline characteristics of the 40 retreated patients are shown in Table 2 . Patients in this subpopulation were similar to the overall study population in terms of mean age (53.4 vs. 56.2 years, respectively), although patients who received ipilimumab alone were slightly younger (mean age, 49.0 vs. 56.8 years; ref. 1). Compared with the overall study population, no patient with unresectable stage III melanoma was retreated, the proportion of patients with melanoma stage M1b was slightly higher in the 2 ipilimumab-containing arms whereas that of M1c was slightly lower and both patients in the gp100 plus placebo group had stage M1c disease. A higher percentage of patients retreated with an ipilimumab-containing regimen had received prior treatment with IL-2 compared with the study population as a whole (34.0% vs. 22.1% in the ipilimumab plus gp100 group and 33.0% vs. 23.4% in the ipilimumab plus placebo group, respectively; ref. 1). Table 2 . Baseline characteristics of retreated study subpopulation Most patients who started a first retreatment cycle received the target number of 4 doses (34 of 40; 85.0%). Of 7 patients who started a second retreatment cycle, 5 (71.4%) received all 4 doses. Only one patient started a third retreatment cycle, and this patient completed the cycle. Patients in the ipilimumab plus gp100, ipilimumab plus placebo, and gp100 plus placebo groups received a median number of retreatment doses of 4.0 (range, 2.0-4.0; n ¼ 29), 4.0 (range, 2.0-4.0; n ¼ 9), and 3.5 (range, 3.0-4.0; n ¼ 2), respectively, for the first retreatment cycle and 3.5 (range, 2.0-4.0; n ¼ 4) and 4.0 (range, 4.0-4.0; n ¼ 3) for the second retreatment cycle (no patient in the gp100 plus placebo arm was retreated for a second time). Median time between the first treatment dose and first retreatment dose was 11.5 months (range, 6.0-48.7) for the 29 patients retreated with ipilimumab plus gp100; 8.9 months (range, 6.0-28.9) for the 9 patients retreated with ipilimumab and 10.1 months (range, 7.8-12.4) for the 2 patients retreated with gp100. The interval between the first and second retreatment cycle was 11.5 months (range, 6.7-12.6) for the 4 patients retreated with ipilimumab plus gp100 and 12.0 months (range, 8.5-14.0) for the 3 patients retreated with ipilimumab alone. For the one patient who started a third retreatment cycle with ipilimumab plus gp100, the interval between the second and third cycle was 7.3 months. Time to retreatment and follow-up status for each patient are shown in Fig. 1 .
Of the 40 retreated patients, only the 32 patients considered eligible for retreatment per protocol qualified for inclusion in the efficacy analyses. These 32 patients included 10 patients with evidence of disease progression based solely on investigator assessment but for whom no formal PD assessment was documented; 2 patients who had confirmed SD as their best response at the week 24 assessment but for whom the documented period of SD was <3 months, and 1 patient whose week 24 best overall response was considered "unknown" by the investigator despite imaging (Table 1 ). However, these 13 patients were considered evaluable for efficacy.
Efficacy
Best overall response rates (CRs plus PRs) for the 31 retreatment-eligible patients in the ipilimumab plus gp100 and ipilimumab plus placebo groups were 3 of 23 (13.0%) and 3 of 8 (37.5%), respectively. The disease control rate among eligible patients retreated with ipilimumab was 65.2% and 75.0% in the ipilimumab plus gp100 and ipilimumab plus placebo groups, respectively, and 19 of 31 (61.3%) retreated patients who received ipilimumab survived >2 years from their initial randomization at study entry (Table 3) .
Reanalysis of data including all 38 retreated patients who received ipilimumab plus gp100 or ipilimumab alone, irrespective of eligibility, gave corresponding overall response rates of 4 of 29 (13.8%) and 3 of 9 (33.3%), respectively, and the disease control rate ranged from 51.7% to 66.7%. Six patients achieved a better response after retreatment than after their original treatment, including PR to CR in 1 patient retreated with ipilimumab alone, SD to PR in 2 patients retreated with ipilimumab plus gp100 and 1 patient retreated with ipilimumab alone, and SD in 2 patients retreated with ipilimumab plus gp100 who had evidence of PD, or whose status was unknown, following treatment (Table 4 ). Of 7 patients retreated with ipilimumab despite not meeting protocol-defined eligibility criteria, one patient survived >2 years from randomization.
Considering all 40 retreated patients, 4 patients in the ipilimumab plus gp100 arm had a PR after retreatment lasting 57, 78, 113, and 814 days, respectively, although one Table 3 . Best overall response and survival outcomes for patients retreated with their original randomized regimen (per-protocol retreatment population; N ¼ 32) had received prior treatment with a cancer vaccine before study entry and therefore violated the protocol (Table 4 ). In the ipilimumab plus placebo arm, there were 3 responders: 1 patient had a CR for 162 days followed by a PR for a further 30 days and the other 2 patients had a PR for 85 and 95 days, respectively. There were no responders among patients retreated with gp100 plus placebo.
Safety
The frequencies of irAEs observed during retreatment were similar to those observed during treatment, with no new types of toxicities. Furthermore, toxicities observed during initial treatment did not predispose to retreatment toxicity. Overall, drug-related adverse events were reported in 25 patients (86.2%), 7 patients (77.8%), and 2 patients (100%) in the ipilimumab plus gp100, ipilimumab plus placebo, and gp100 plus placebo arms, respectively. The most common adverse events were irAEs, occurring in 15 patients (51.7%), 7 patients (77.8%), and 1 patient (50.0%) in the respective groups. Most irAEs affected the skin and gastrointestinal tract and were grade I/II in severity. Grade III irAEs occurred in 2 of 29 patients (6.9%; colitis and diarrhea in 1 patient each) in the ipilimumab plus gp100 group and in 2 of 9 patients (22.2%; eosinophilia and rash in 1 patient each) in the ipilimumab plus placebo group (Table 5 ). There were no grade IV or V irAEs in any patient during retreatment.
Discussion
Among 676 patients enrolled in this phase III trial, 40 (6%) were retreated with their original treatment regimen following disease progression. Our analysis has some limitations, most obviously the small patient numbers which precluded a rigorous statistical analysis. Only 19 of 32 evaluable patients had their response status confirmed in the study database (Table 1) , but it is likely that the investigators' clinical judgment was accurate in most cases. Although the sample size is small, durable ORs and/or SD were achieved in some patients retreated with ipilimumab, with additional restoration of disease control with a second or, in the case of one patient, third retreatment schedule.
Most patients tolerated one full cycle of ipilimumab retreatment, and several tolerated a full second cycle of retreatment. The frequencies of irAEs observed during retreatment were similar to those observed during treatment, with no new types of toxicities, and most events were mild-to-moderate. Although patient numbers were substantially smaller, retrospective analysis showed that best overall response rates for protocol-compliant, eligible patients were higher than those for the overall phase III study population at 13% (v 6%) and 38% (v 11%) for patients in the ipilimumab plus vaccine and ipilimumab monotherapy groups, respectively. Disease control rates in retreated patients were also higher than for the overall population, with 65% and 75% of patients in the ipilimumab plus vaccine and ipilimumab monotherapy groups, respectively, achieving disease control after retreatment compared with 20% and 29% of patients in those groups for the whole study (1) . These findings are perhaps unsurprising as only patients who had responded to ipilimumab treatment therapy were eligible for retreatment, and these individuals presumably had responsive tumors and/or Table 5 . Incidence of irAEs by type and severity grade (13) . The majority of responding patients had SD as their best overall response, possibly reflecting ipilimumab maintaining the cancer in its equilibrium phase (8, 9, 14) . SD, when associated with clinical benefit (such as improved survival), is a meaningful outcome for melanoma patients (15) .
Two analyses were conducted, one including data from only those patients eligible for retreatment per protocol and the other including all patients actually retreated. To avoid premature assumption of treatment failure, the study protocol required that PD was confirmed at least 4 weeks after its first observation. Among the 40 retreated patients, 6 patients were retreated despite not qualifying according to the protocol: 2 of these (1 who did not respond to their initial treatment regimen and 1 whose response was unknown) subsequently achieved SD. The other 4 patients, with a best response of PD after their initial treatment, did not respond to retreatment with ipilimumab. This suggests that the criterion for retreatment should remain disease control after treatment, before subsequent progression.
In the patient with PD who went on to develop SD on retreatment, it may be that the immune response was still building, and tumor regression (or in this case, stabilization) occurred only after retreatment. However, it is also possible that the observed disease progression initially recorded in this patient was not a function of tumor growth but of T-cell infiltration and inflammation following ipilimumab-induced T-cell potentiation (16, 17) . Had this patient been analyzed using proposed immune-related response criteria (irRC), which allow for disease progression before response (18) , they may have been deemed as having disease control rather than PD. Some evaluable patients also had better responses after retreatment than they obtained initially, which may also be a reflection of a gradually building immune response to the tumor and is consistent with the frequently reported instances of evolving and unusual responses to ipilimumab (1, (18) (19) (20) (21) (22) (23) . Alternatively, one further possible mechanism to explain the phenomenon is that the blockade of CTLA-4 activity is reset in the absence of continued treatment but can be reactivated upon subsequent retreatment.
It is possible that in patients responding to ipilimumab therapy, T cells that recognize antigens expressed by the tumor undergo clonal expansion and are potentiated by ipilimumab, producing a reduction in lesion size. Selective pressure from these activated, antigen-specific T cells may result in a shift in the antigen repertoire of the cancer, and new lesions develop that are antigenically different, and therefore no longer responsive to the expanded, activated Tcell clones (12) . This process manifests as disease progression and, as discussed, is part of the "escape" phase of tumor development. Upon retreatment with ipilimumab, the newly arising lesions begin to respond and disease control is regained as clones from the tumor-infiltrating T-cell population-specific for the altered tumor antigenic repertoire expand and become activated by ipilimumab. Such "immune adaptation" to shifts in tumor antigen expression has been recorded even in the absence of immunotherapy (24) . In nonresponders to retreatment, this immune adaptation may not occur, allowing the tumor to escape further immune potentiation. Multiple tumor immune escape mechanisms have been hypothesized to be responsible for this; however, further studies are required to provide definitive answers (8, 9, 25) .
Safety after retreatment was comparable to safety in the overall study population. IrAEs were well described and could generally be managed using established treatment algorithms (26) (27) (28) . Most irAEs affected the skin and gastrointestinal tract, consistent with data reported from other studies (29) . Importantly, toxicity during the first treatment regimen did not predispose patients to toxicity during retreatment. Among the 18 patients with an irAE during their initial treatment, only 10 had an irAE upon retreatment. The majority of eligible patients who received retreatment with ipilimumab completed a full retreatment cycle.
A retreatment response rate of 38% and disease control rate of 75% after ipilimumab monotherapy are encouraging, and merit further study. Of note, alternative posttreatment protocols have been investigated in clinical trials of ipilimumab. For example, in the phase III trial evaluating ipilimumab plus dacarbazine compared with dacarbazine alone (30), patients with SD or an OR and no dose-limiting toxic effects were eligible to receive maintenance therapy with ipilimumab or placebo every 12 weeks. Further investigation is required to determine how and when ipilimumab should be provided posttreatment to maximize patient outcomes.
In conclusion, retreatment with ipilimumab in patients who respond to treatment and then progress is a feasible proposition with encouraging efficacy and tolerability. The majority of retreated patients achieved durable disease control lasting longer than 2 years from randomization and toxicity was not cumulative between treatment phases. These data suggest that if patients meet defined criteria, retreatment with ipilimumab can translate into clinical benefit with no deleterious morbidity and strongly support the further evaluation of retreatment protocols.
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